Five sorghum varieties, 'Dwarf Yellow' milo, KB 2512; 'Atlas' sorgo. FCI 9112; 'Feterita,' SPI 51991; 'Fargo Straightneck' milo, CI 809; and Feterita, KB 2563 were grown in nut:dent sand cultures with nitrogen levels from 0.01 to 2.0, in five steps in the phosphorus series and four steps in the potassium series. The amount of purple pigmentation in the five sorghum varieties was influenced by both phosphorus and nitrogen. This feature does thus not serve correctly as a deficiency indicator for phosphorus at low nitrogen levels. These varieties also differed widely in the amount of pigmentation produced at comparable nutrient levels.
O
CCURRENCE of purple and reddish pigment: in plant tissues has been found to be associated in some instances with specific environmental conditions.
Although this pigmentation occurs in certain species and varieties as a consistent pattern, specific instances of chemical, mechanical, insect or disease injury, or unfavorable growing conditions often induce intensified localization, particularly in sorghum (Sorghum bicolor).
In many grasses, including sorghum, an increased amount of pigmentation in the lower leaves has been found to be associated with phosphorus deficiency.
Consistent varietal differences in this behavior indicate a genetic factor.
A preliminary experiment under greenhouse conditions with two varieties of sorghum grown in nutrient sand cultures indicated that while purple pigmentation increased in the lower three leaves at a low phosphorus level, almost the same amount appeared at a low nitrogen level. These varieties differred markedly in the amount of leaf surface showing the purple coloration.
The present study concerns the qualitative visual expression of purple pigmentation an five sorghum varteties gwown at various nitrogen, phosphorus and potassium levels, as well as an evaluation ,of the factors governing localized concentration of these pigments, their origin, and their chemical nature. quantities of zinc and manganese sulphates. Five nitrogen levels repeated in the phosphorus series were 0.01, 0.25, 0.05, 1.0, and 2.0 basic NH,NO~ and Ca (NOs)~. The 0.25 level was omitted in the potassium series. In the phosphorus series, low was 0.01 and high was 2.0 basic KC1. All cultures were made in 25-cm (10-inch) glazed earthenware crocks in duplicate, suspended in a circulating water bath at 17 C. Nutrients were replaced at 3-day intervals by adding freshly prepared solutions at the sand surface while suction was operating through glass wool stoppered pyrex tubes from the bottom of the sand mass.
MATERIALS
Records on the amount of pigmentation were taken 28 days after emergence by measuring the areas of surface of the second, third, and fourth leaves showing definite purpling. For each leaf the record was made to the nearest tenth of the total surface, thus a total of 10 units for the entire leaf surface. This purple color with reddish borders was recorded only as a visual qualitative expression of anthocyanin relative to the amount of leaf surface involved. Height of two varieties was determined as the distance from sand surface to tip of longest leaf. .Roots and tops of two varieties were oven-dried before weighng. Although pigmentation estimates could not be made on the first leaves because of partial or entire necrosis at some nutrient levels, they were included in dry weights. For each variety and nutrient level, growth, pigmentation measurements, and dry weight were averaged for all individuals from two separate cultures of eight plants each.
RESULTS
Growth and dry weight of tops of the two varieties showed a general tendency to increase from the lowest to basic nitrogen levels. The slight decrease at the highest nitrogen was characteristic of both varieties, but the tendency was proportionately greater with low phosphorus and low potassium ( Fig. 1 and 2) . Pigmentation decreased progressively with nitrogen increase excepting at the low phosphorus level in all varieties, but Dwarf Yellow milo, KB 2512, also showed a slight increase with basic phosphorus at the highest nitrogen level (Fig. 1 to 3) . At low phosphorus, minimum pigmentation occurred at an intermediate nitrogen level. Feterita, KB 2563, and Feterita, SPI 51991, showed absence of pigmentation at the highest nitrogen level with all levels of potassium and phosphorus while Feterita, FCI 51991, showed absence, in addition, at the basic phosphorus level. The other varieties showed some pigmentation at all nutrient levels, but the fluctuations followed a similar trend.
DISCUSSION
An almost equal tendency for increased pigmentation at both low phosphorus and nitrogen levels, for these varieties of sorghum, indicates that the mineral disturbances are contributors to some organic imbalance. Evidence of the interaction of two mineral deficiencies appears in the present study, since a marked cessation in visual pigmentation occurred at an intermediate nitrogen level when phosphorus was limiting.
In sorghum leaves infected with rust (Puccinia purpurea), Johnston and Mains (5) accumulation of carbohydrates by Perkin and Everest (10) and Onslow (9). In corn varieties generally, phosphorus deficiency has been associated with an increase of purplish pigment by DeTurk (~). Since genetic specificity of purplish pigment has been demonstrated in the petals o~ flowers by Keeble, Armstrong and Jones (7) and in skins of grapes by Anderson (I), categories of occurrence become distinct: one in which the pigment develops as a normal consequence, the other as a stimulation due to metabolic or mechanical disturbance. The latter would include the direct influence of mineral nutrition even though other factors may be involved.
Keddish border pigments associated with the purpling suggested rhodophyllin as an intermediate product. Willstatter and Stoll (12) showed how certain sugars are converted into pyrones. Pringsheim (11) demonstrated that several carbohydrates enter into the flavone linkages to form the benzopyrillium nucleus which Keeble and Armstrong (6) considered the basis of glucosides eventually oxidized as the purple color appears. Since rhodophyllin preceded anthocyanin in sorghum varieties, the final quinone addition to the nucleus probably did not take the more stable meta position suggested by Nierenstein (8). Accumulation of intermediate forms of carbohydrates may occur at some levels o~ a nfineral nutrient imbalance. A consistent diminution in amount of anthocyanin in sorghum varieties, as nitrogen becomes less limiting, supports the suggestion by Hoffer (4) that potassium functions as a stimulator or catalyst in syntheses of carbohydrates or their transformation. Willstatter and Stoll (12) found that purple crystals were precipitated in a rhodophyllin solution by potassium salts. This 
